In modern acousto-optics, crystalline materials are used predominantly for manufacturing acousto-optic instruments. Among these materials, such crystals as paratellurite, tellurium, calomel, TAS and some others occupy a prominent place, which are distinguished by exceptionally large anisotropy of acoustic properties. In this work, the influence of acoustic beam energy walk-off on characteristics of Bragg diffraction of light is studied by the example of tellurium crystal. It is shown that the walk-off can substantially change angular and frequency ranges, resulting in their narrowing or broadening subject to position of the operating point in the Bragg angle frequency characteristic. Coefficients of broadening are introduced for characterization of this effect.
Introduction
Strong acoustic anisotropy causes two basic effects which influence essentially operation of acousto-optic (AO) instruments (Balakshy et al. (1985) ). First, it changes the acoustic field structure and, as a consequence, worsens interaction of optical and acoustic waves in AO devices (Mantsevich and Balakshy (2015) ). Second, the acoustic anisotropy leads to the energy walk-off, which attains 74° in paratellurite and 49° in tellurium. The walk-off does not change the AO phase matching condition, but it affects the region of AO interaction (Zakharov et al. (2011) ; Kastelik et al. (2013) ). Recently we studied theoretically and experimentally this effect in a paratellurite single crystal. It has been established that the walk-off influence shows itself in two ways: through the change of the path length of light and ultrasound interaction and through the alteration of the mismatch vector direction. Two broadening coefficients were introduced for characterization of the effect:
, where is the walk-off angle, f and are the frequency and angular ranges of AO interaction accordingly, indexes « » and «0» relate to cases of presence or absence of the walk-off. It has been shown that, subject to the crystal cut, acoustic frequency and incident light polarization, the coefficients B can take values more or less than unity, demonstrating thereby effects of broadening or narrowing the AO interaction ranges. Numerical calculations carried out for paratellurite crystal have shown that the influence of the acoustic walk-off at anisotropic diffraction is not vanishingly small; this effect can change the AO interaction range several times.
The given work continues these investigations. We present here the analogous research carried out for tellurium crystal. The novelty consists in the possibility of obtaining symmetrical walk-off effect with walk-off angles distinguished in signs.
Energy walk-off effect in tellurium crystal
Tellurium can be considered as a promising material for AO applications. This crystal is transparent in middle and far IR regions from 4 to 20 m and is distinguished by uniquely great birefringent effect: n o = 4.8 and n e = 6.25 at = 10.6 m. It was expected, according to Oliveira et al. (1987) , that the AO figure of merit 12 10 500 M s 3 /kg. However Voloshinov et al. (2008) showed that the maximum value of AO figure of merit in tellurium is in reality 12 10 160 s 3 /kg. Tellurium demonstrates more variety of slowness surfaces in comparison with paratellurite. There are regions with positive and negative walk-off angles. Therefore, it comes possible to investigate the influence of walk-off sign on AO interaction characteristics.
XY cut
This cut (Fig. 1) is one of the most appropriate for demonstration of the acoustic energy walk-off influence. Points A ( a = 90° and a = 65°) and B ( a = 90° and a = 115°) defines the direction of ultrasound wave vector K. The light-sound interaction plane is XY. The ultrasound velocity in both cases is equal to V = 1.08·10 3 m/s. The walk-off effect does not change the phase matching condition, therefore the frequency dependences of the Bragg angle B are the same for both points A and B (solid curve in Fig. 1b) . However, these points differ in walkoff angle sign: = +25.2° at point A and = -25.2° at point B. The dashed curves demonstrate the influence of the walk-off angle sign. One can see that the positive walk-off leads to the broadening of the frequency range at small ultrasound frequencies f 0 , whereas the symmetrical crystal cut with the same dependence B (f 0 ) provides the narrower range of AO interaction. The broadening coefficients becomes equal B 
XZ cut
The XZ cut is out of interest because of very small values of the AO figure of merit. The rotation from this cut around the Z axis by 5° (Fig. 2) gives an appropriate magnitude Figure 2b shows the influence of positive walkoff angle on the frequency range of AO interaction. The broadening coefficient has the value B C f 0.9 for the tangential and deflector geometries; this testifies to small influence of the walk-off effect. However, at high frequencies, a strong narrowing of AO interaction range takes place.. There is no way to compare this positive walkoff with the negative one, because the refractive indices surfaces do not possess necessary symmetry at this cut (contrary to the previous variant). 
YZ cut
The YZ cut (Fig. 3) demonstrates high value of AO figure of merit 12 10 ) 140 30 ( M s 3 /kg and the point D ( a = 100° and a = 90°) defines the region suitable for AO filters (Voloshinov et al. (2008) ). Here the ultrasound velocity V = 1.26·10 3 m/s and the walk-off angle = -44.8° is negative in comparison with XZ cut. Fig. 3b shows how the negative walk-off narrows the frequency characteristics. The broadening coefficient is B D f 0.7 for the region of deflector and tangential geometries. Comparing Figs 2b and 3b, we cam mark that the Bragg curves are similar, but the broadening coefficient curves have a mirror-like character. 
Conclusion
In this paper, the influence of the acoustic walk-off on AO characteristics is studied by the example of tellurium crystal. Frequency characteristics of AO interaction are calculated in wide ranges of acoustic frequencies and incidence angles of light for the principal crystallographic planes. The influence of the walk-off effect is analyzed by means of broadening coefficients. It is revealed that the affect of the walk-off is determined not only by the crystal cut and the acoustic frequency, but also by the sign of the walk-off angle.
